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(54) Angular velocity sensor driving circuit 

(57) An angular velocity sensor driving circuit of the 
present invention includes a drive part for the vibrator, 
a vibration level detector, a coriolis force detector, a first 
amplifier for amplifying an output signal of the vibration 
level detector, a rectifying circuit, a variable gain ampli- 
fier and a voltage amplifier. The gain of the voltage am- 



plifier or a variable gain amplifier is varied by switching 
means which is controlled by the output signal of a level 
judging circuit comparing the output signal of the recti- 
fying circuit and a reference voltage. By using the 
switching means, very quick start up of the angular ve- 
locity sensor can be achieved. And ,also, many prob- 
lems of the prior art can be solved. 
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Description 

Field of the Invention 

[0001] The present invention relates to a driving cir- 
cuit of an angular velocity sensor which is used for port- 
able VCRs orfor vehicle control systems. Especially, the 
present invention aims to shorten a starting time of an 
angular velocity sensor. 

Background of the Invention 

[0002] One example of an angular velocity sensor 
driving circuit is disclosed in pages 30-31 of the Journal 
of Nippondenso Engineering Society (Vol.38, No. 3, 
1994) 

[0003] The angular velocity sensor driving circuit of 
the prior art includes a driving part for giving vibration to 
a tuning fork vibrator, vibration level detecting means for 
detecting a vibration level of the vibrator, coriolis force 
detecting means tor detecting a coriolis force generated 
according to an angular velocity, a first amplifier for am- 
plifying an output signal of the vibration level detecting 
means, a rectifying circuit for rectifying an output signal 
of the first amplifier to get a DC voltage, a comparator 
for comparing the output voltage of the rectifying circuit 
and a reference voltage and a variable gain amplifier, 
which amplifies a 90 degrees phase shifted output volt- 
age of the first amplifier ,and returns the output signal 
to the driving part to control the amplitude of the tuning 
fork vibrator to be constant. 

[0004] At the prior art mentioned above, just after the 
power source is turned on, the gain of the variable gain 
amplifier becomes maximum among some gains satis- 
fying necessary condition. And it works to suddenly in- 
crease the amplitude of the tuning-fork type vibrator and 
it has a little effect to shorten the starting time of the 
sensor. 

[0005] However, because the variable range of the 
gain of the variable gain amplifier is limited and can not 
make large enough, a certain long time has been nec- 
essary until the amplitude level of the tuning-fork type 
vibrator reaches to a predetermined value. 
[0006] If the maximum value of the gain of the variable 
gain amplifier is set largerthan the predetermined value, 
the starting time of the sensor can be shortened. But it 
is difficult to make the maximum value of the gain of the 
variable gain amplifier larger than the predetermined 
value from total view points such as saturation problem 
of the voltage waveform of the variable gain amplifier, 
keeping the noise reduced, stability when the amplitude 
of the tuning-fork type vibrator is controlled to be con- 
stant, etc.. 

[0007] Therefore, it is difficult to shorten the time 
(start-up time) to make the vibration amplitude of the 
tuning fork type vibrator constant without making the 
maximum value of the gain of the variable gain amplifier 
larger than a predetermined value. 



[0008] In the case such as a quartz tuning fork type 
vibrator having a large value of sharpness Q (vibration 
energy per input energy), it is difficult to shorten the time 
constantt - OI2 f (f: driving frequency) without outstand- 

s ing increase of frequency f. Accordingly, it becomes big 
obstacle not to be able to make the maximum value of 
the gain of the variable gain amplifier larger than a pre- 
determined value to reduce the start-up time. 
[0009] The present invention solves the above-men - 

10 tioned problem in the prior art and aims to provide an 
angular velocity sensor driving circuit which make it pos- 
sible to shorten the start-up time of the angular velocity 
sensor. 

is SUMMERY OF THE INVENTION 

[0010] An angular velocity sensor driving circuit of the 
present invention includes 

20 a) a drive part for giving vibration to a vibrator: 

b) a vibration level detector for detecting a vibration 
level of the vibrator: 

c) a coriolis force detector for detecting a coriolis 
force generated according to an angular velocity: 

25 d) a first amplifier for amplifying an output signal of 
the vibration level detector: 

e) a rectifying circuit for rectifying an output signal 
of the first amplifier and for getting a DC voltage: 

f) a variable gain amplifier receiving the output sig- 
oo nal of the first amplifier and varying the gain accord- 
ing to the output voltage of the rectifying circuit: and 

g) a voltage amplifier receiving the output signal of 
the variable gain amplifier, and supplying the output 
signal to the driving part: 

35 

wherein the gain of the voltage amplifier is varied by 
switching means driven by the output signal of a level 
judging circuit comparing the output of the rectifying cir- 
cuit and a reference voltage. 

40 

Brief Description of the Drawings 

[0011] FIG.1 is a block diagram of an angular velocity 
sensor driving circuit in accordance with a first exempla- 
45 ry embodiment of the present invention. 

[0012] FIG. 2 is aswitch control timing chart of avolt- 
age amplifier used in the angular velocity sensor driving 
circuit of the first exemplary embodiment of the present 
invention. 

so [0013] FIG. 3A shows an output signal of a vibration 
level detector and an applying voltage to a drive part of 
the angular velocity sensor driving circuit shown in FIG. 
1. 

[0014] FIG. 3B shows an output signal of a vibration 
55 level detecting means and an applying voltage to a drive 
part at an angular velocity sensor driving circuit of the 
prior art. 

[0015] FIG. 4 is a block diagram of an angular velocity 
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sensor driving circuit in accordance with a second ex- 
emplary embodiment of the present invention. 
[0016] FIG. 5 is a switch control timing chart of a volt- 
age amplifier used in the angular velocity sensor driving 
circuit of the second exemplary embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0017] The functions of the present invention are ex- 
plained below, referring to the drawings. 

First exemplary embodiment 

[0018] FIG. 1 is a block diagram of an angular velocity 
sensor driving circuit in accordance with a first exempla- 
ry embodiment of the present invention. In FIG. 1, the 
block 1 is an angular velocity sensor with a tuning fork 
type vibrator. The block 2 is a first amplifier. The block 
3 is a rectifier. The block 4 is a filter circuit. The block 5 
is a variable gain amplifier. The block 6 is a subsequent 
stage voltage amplifier. The block 7 is a second ampli- 
fier. The block 8 is a synchronous detector. The block 9 
is a low pass filter. The part 1 0 is a driving part composed 
by adhering a piezoelectric element on the vibrating el- 
ement. 

[0019] The part 11 is detector composed by adhering 
a piezoelectric element on the vibrating element and de- 
tecting a vibration level The parts 1 2 and 1 3 are first 
and second detector detecting a coriolis force generated 
according to an angular velocity, respectively. Drive part 
10 and first detector 1 2 are orthogonally connected. Vi- 
bration level detector 11 and second detector 13 are al- 
so connected orthogonally. Drive part 10 and vibration 
level detector 11 are connected with a connecting plate 
14, which is supported by a supporting rod 15 at one 
point. 

[0020] An angular velocity sensorl with a tuning fork 
type vibrator is composed of first and second detector 
12 and 13, respectively, drive part 10, vibration level de- 
tector 11, connecting plate 14 and supporting rod 15. 
[0021] An angular velocity sensor driving circuit of this 
embodiment comprises: 

a vibration level detector 11 for detecting a vibration 
level of a tuning fork type vibrator driven by a drive 
part 10, 

a first amplifier 2 for amplifying an output signal of 
the vibration level detector 11 , 
a rectifier 3 for rectifying an output signal of the first 
amplifier 2, 

a filter circuit 4 for filtering an output voltage of the 
rectifier 3, 

a variable gain amplifier 5 for controlling the ampli- 
tude of the tuning fork type vibrator to be constant 
by varying the gain according to the output voltage 
of the filter circuit 4 

and a voltage amplifier 6 provided between the var- 



iable gain amplifier 5 and the drive part 10. The volt- 
age amplifier 6 has a function to set a time that the 
amplitude of the tuning fork type vibrator reaches to 
be constant. 

5 

[0022] The signals of first and second detector 1 2 and 
13 are amplified at amplifier 7 respectively, detected 
with a frequency of the tuning fork type vibrator in syn- 
chronous detector 8 and become a voltage proportional 

10 to the angular velocity. Then the output signal of syn- 
chronous detector 8 is amplified at low pass filter circuit 
9 and is sent out as an angular velocity voltage signal. 
[0023] A voltage amplifier 6 provided at the rear stage 
is composed of resistors 16, 1 7,18, switching means 21 , 

15 an operational amplifier 23, a reference voltage gener- 
ator 25 and a level judging circuit 26. 
[0024] Resistors 16, 17 and 18 have resistance val- 
ues of 1 00, 1 0k and 1 00k ohms, respectively. When the 
power source is turned on, switching means 21 is turned 

20 on or off according to a charging voltage of capacitor 24, 
a signal from the level judging circuit 26 (set voltage = 
V1 ) and a switch control timing chart as shown in FIG. 2. 
[0025] In the first and second stages in the timing 
chart (FIG. 2), the gain of voltage amplifier 6 can be 

25 made very large (the voltage applied to drive part 10 can 
be made high) because the gains of the voltage amplifier 
6 are set 1010 times and 10 times, respectively. At the 
initial stage , amplitude of the tuning fork type vibrator 
is small (the output signal of vibration level detecting 

30 means 11 is small) as shown in FIG. 3A. 

[0026] The gain of voltage amplifier 6 becomes small 
(the voltage applied to drive part 1 0 becomes low) at the 
later half stage where the amplitude of the tuning fork 
type vibrator approaches to a predetermined value (the 

35 output signal of vibration level detector 1 1 reaches a pre- 
determined value). 

[0027] As a result, the starting time of the angular ve- 
locity sensor can be outstandingly shortened. And, also, 
the gain of voltage amplifier 6 provided at the rear stage 
40 is made large only at a desired starting period by using 
the switching means. The maximum value of the gain of 
variable gain amplifier 5 can be kept in a usual prede- 
termined value at least after entering into the last control 
period . 

45 [0028] Therefore, all the problems of the prior art con- 
cerning the saturation of output voltage waveform, the 
keeping noise reduced, the stability when controlling the 
amplitude of the tuning fork type vibrator to be constant, 
etc. can be solved. 

so [0029] As shown in FIG. 2 , by setting a charging volt- 
age of capacitor 24 and a setting voltage V1 of level 
judging circuit 26 to a desired value and by arbitrarily 
setting the gain of the each stage , the period which the 
amplitude of the tuning fork type vibrator becomes con- 

55 stant can be arbitrarily decided. 

[0030] In the first exemplary embodiment of the 
present invention, an example of controlling switching 
means 21 for switching the gain of voltage amplifier 6 
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provided at the rear stage of variable gain amplifier 5 
according to the output of level judging circuit 26 was 
described. But it can also be possible to control the gain 
of the variable gain amplifier by the switching means . 
[0031] FIG. 3(b) shows a waveform of the output sig- 
nal of vibration level detecting means 11 and a wave- 
form of an applying voltage to a driving part of the prior 
art. 

[0032] In the first exemplary embodiment, although 
only a example made by adhering a piezoelectric ele- 
ment on a vibrator was explained as a tuning fork vibra- 
tion type angular velocity sensor, it is not restricted only 
to the above example. The present invention is most ef- 
fective especially in the case using quartz tuning fork 
type vibrator having high sharpness of response Q. 
Moreover, the vibrator used in the present invention is 
not always restricted to a conventional quartz tuning fork 
type vibrator. 



[0039] Therefore, all the necessary items such as so- 
lution to the saturation problem of output voltage wave- 
form, keeping noise reduced, stability when controlling 
the amplitude of the tuning fork vibrator to be constant, 

5 etc. can be established. 

[0040] By setting the timer circuit 28 and the gain of 
voltage amplifier 6 at each stage, the period in which the 
amplitude of the tuning fork vibrator becomes constant 
can be arbitrarily decided. 

w [0041] Thus, according to the present invention, the 
gain of the voltage amplifier 6 is made large during a 
desired starting period by switching means and the max- 
imum value of the gain of the variable gain amplifier can 
be kept in a usual predetermined value at least in the 

15 last controlling stage. 

[0042] It makes it possible to shorten the start-up time 
of the angular velocity sensor outstandingly, solving all 
the previous problems. 



Second exemplary embodiment 20 Reference numerals 



[0033] FIG. 4 is a blockdiagram of an angular velocity 
sensor driving circuit in accordance with a second ex- 
emplary embodiment of the present invention. In FIG. 
4, the blocks having the same functions as those in FIG. 

I are given the same reference numbers and their de- 
tailed explanations are omitted and only the different 
blocks are explained. 

[0034] In FIG. 4, voltage amplifier 6 provided at the 
rear stage is composed of resistors 16, 17, 18, 19,20, 
switching means 21 and 22, an operational amplifier 23 
and a timer circuit 28 for outputting pulses during a pre- 
determined period. 

[0035] Resistors 16, 17, 18, 19 and 20 have resist- 
ance values Of 100, T0k, 100k, 100 and 10k ohms, re- 
spectively. After the power source 27 is turned on and 
timer circuit 28 is initially triggered, switch means 21 and 
22 are controlled to be on or off as shown in a switch 
control timing chart in FIG. 5. 
[0036] At the first, the second, the third and the fourth 
stages, as the gain of the voltage amplifier 6 provided 
at the rear stage are set to be 1111 times, 1011 times, 

I I times and 1 0 times, respectively, a very high gain can 
be kept at the initial stage. As a result, the start-up time 
of the angular velocity sensor can be outstandingly 
shortened. 

[0037] On the other hand, the amplitude of the tuning 
fork vibrator can be kept small because a small gain of 
the voltage amplifier 6 can be kept at the later half stage 
in which the amplitude of the tuning fork vibrator ap- 
proaches to a predetermined value. 
[0038] According to the second embodiment of the 
present invention, the gain of voltage amplifier 6 provid- 
ed at the rear stage can be made large only during a 
desired starting period by switching means 21 and 22 , 
and the maximum value of the gain of variable gain am- 
plifier 5 can be kept in a usual predetermined value at 
least after entering into the last controlling period. 



[0043] 

I . angular velocity sensor 
25 2. first amplifier 

3. rectifier 

4. filter circuit 

5. variable gain amplifier 

6. voltage amplifier 
30 7. second amplifier 

8. synchronous detector 

9. low pass filter 

10. driving part 

II. vibration level detector 
3S 16, 17, 18, 19, 20... resistor 

21 , 22. switch means 

23. operational amplifier 

24. capacitor 

25. reference voltage generator 
40 26. level judging circuit 

27. timer 



Claims 

45 

1. An angular velocity sensor driving circuit compris- 
ing: 

a) a driving part for giving vibration to a vibrator: 
50 b) a vibration level detector for detecting a vi- 

bration level of said vibrator: 
c) a coriolis force detector for detecting a cori- 
olis force generated according to an angular ve- 
locity: 

55 d) af irst amplifier for amplifying an output signal 

of said vibration level detector: 
e) a rectifying circuit for rectifying an output sig- 
nal of said first amplifier: 
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f) a variable gain amplifier receiving the output 
signal of said first amplifier and varying the gain 
according to the output voltage of said rectify- 
ing circuit and 

g) a voltage amplifier receiving the output sig- 5 
nal of said variable gain amplifier, and supply- 
ing the output signal to said driving part as a 
driving signal for said drive part : 

wherein the gain of said variable gain ampli- 10 
fier or the gain of said voltage amplifier is varied by 
switching means driven by the output signal of a lev- 
el judging circuit which compares the output signal 
of said rectifying circuit and a reference voltage. 

75 

2. An angular velocity sensor driving circuit compris- 
ing: 

a) a driving part for giving vibration to a vibrator: 

b) a vibration level detector for detecting a vi- 20 
bration level of said vibrator: 

c) a coriolis force detector for detecting a cori- 
olis force generated according to an angular ve- 
locity: 

d) a first amplifier for amplifying an output signal 25 
of said vibration level detector: 

e) a rectifying circuit for rectifying an output sig- 
nal of said first amplifier: 

f) a variable gain amplifier receiving the output 
signal of said first amplifier and varying the gain 30 
according to the output voltage of said rectify- 
ing circuit and 

g) a voltage amplifier receiving the output sig- 
nal of said variable gain amplifier, and supply- 
ing the output signal to said driving part as a 35 
driving signal for said drive part: 

wherein the gain of said voltage amplifier is 
varied by switching means driven by the output sig- 
nal of a timer circuit which is triggered by a power 40 
source turning-on and output a pulse for driving said 
switching means during a predetermined period. 
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FIG. 2 
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FIG. 5 
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(54) Angular velocity sensor driving circuit 

(57) An angular velocity sensor driving circuit of the 
present invention includes a drive part for the vibrator, 
a vibration level detector, a coriolis force detector, a first 
amplifier for amplifying an output signal of the vibration 
level detector, a rectifying circuit, a variable gain ampli- 
fier and a voltage amplifier. The gain of the voltage am- 



plifier or a variable gain amplifier is varied by switching 
means which is controlled by the output signal of a level 
judging circuit comparing the output signal of the recti- 
fying circuit and a reference voltage. By using the 
switching means, very quick start up of the angular ve- 
locity sensor can be achieved. And .also, many prob- 
lems of the prior art can be solved. 
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